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Optical transmitting module and a method for controlling the same 



BACKGROUND OF THE INVENTION 
[0001] 1. Field of the Invention 

5 [0002] This invention relates to an optical transmitting module and a method for 
controlling an output wavelength of the optical transmitting module. 



[0003] 2. Related Prior Art 

[0004] In a Wavelength Division Multiplex (hereinafter denoted as WDM) 
10 communication system, various technique have been well known to maintain an 
output wavelength of a light source such as a semiconductor laser diode. One 
example of such techniques is to use a thermoelectric cooler. A temperature of the 
laser diode disposed on the thermoelectric cooler with a sensor for monitoring a 
temperature of the laser diode, and the laser diode is so controlled via the 
15 thermoelectric cooler that the temperature is kept constant based on the result of 
the sensing. This technique utilizes a characteristic that the output wavelength of 
the laser diode has temperature dependence. 

[0005] In the conventional optical source using the laser diode for the WDM 
communication system, the temperature of the laser diode must be set to be 

20 within a predetermined range at a first step of the operation to prevent the laser 
diode from oscillating at an optional wavelength. Next, a bias current and a 
modulation current are provided to the laser diode. In such sequential steps, the 
temperature of the laser diode may rise due to self-heating by currents provided 
thereto, which shifts the output wavelength out of the predetermined range. 

25 Getting out of the range in the output wavelength, the currents provided to the 
laser diode are ceased, which restores the temperature of the laser diode. 
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Afterward, turning on and shutting down the bias current are iterated. 
SUMMARY OF THE INVENTION 

[0006] An object of the present invention is to provide a semiconductor laser 
5 module having a thermally stabilized operating characteristic, and a method for 
thermally stabilizing the laser module. 

[0007] According to one aspect of the present invention, aji optical assembly 
comprises a laser diode, a temperature sensor, a heater and a thermoelectric 
cooler. The laser diode emits light within a predetermined wavelength range at a 

10 temperature by providing a driving signal thereto. The temperature sensor senses 
the temperature of the laser diode. The heater simulates a self- heating of the laser 
diode by providing a supply current before the driving signal is applied to the laser 
diode. The self- heating occurs when the laser diode is driven by the driving signal. 
The thermoelectric cooler mounts the laser diode, the temperature sensor and the 

15 heater thereon, and controls the temperature of the laser diode. 

[0008] Since the heater is disposed on the thermoelectric cooler and provided the 
supply current before the laser diode is practically driven, the self- heating is 
simulated by the heater and the thermal condition of the optical assembly is 
unchanged before and after the laser diode is practically driven. This accelerates 

20 to stabilize the output wavelength of the laser diode. 

[0009] Another aspect of the present invention concerns with a semiconductor 
laser module that comprises an aforementioned optical assembly and a controller. 
The controller includes a window comparator and a first switch. The window 
comparator compares the temperature of the laser diode sensed by the 

25 temperature sensor and a predetermined range, and outputs a switching signal 
when the temperature of the laser diode falls within the predetermined range. 
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The first switch is connected to the heater and has a normally closed configuration. 
The first switch turns off, when it receives the switching signal output from the 
window comparator, thereby shutting off the supply current provided to the 
heater. 

5 [0010] The semiconductor laser module may further include a second and a third 
switches. The driving signal provided to the laser diode, includes a modulation 
current and a bias current. Receiving the switching signal output from the 
window comparator, the second switch turns on and supplies the bias current to 
the laser diode, and the third switch also turns on and supplies the modulation 
10 current to the laser diode. 

[0011] The semiconductor laser module may include a memory means and a 
digital-to-analog converter. The memory means preserves the predetermined 
range in a digital form, and the digital-to-analog converter converts the 
predetermined range in the digital form to a corresponding analog form, and 
15 outputs the converted predetermined value to the window comparator. 

[0012] Since the predetermined range is digitally processed, which defines the 
starting temperature for the laser module to operate, the degree of freedom and 
the simplicity for setting the predetermined range may be enhanced. 
[0013] The semiconductor laser module concerning to the present aspect may 
20 further include a driver for the thermoelectric cooler and a differential amplifier. 
The differential amplifier compares the temperature of the laser diode sensed by 
the temperature sensor and a preset temperature. The differential amplifier 
outputs a result of the comparison to the driver for the thermoelectric cooler, so 
that a feedback control for stabilizing the temperature of the laser diode is 
25 achieved. 

[0014] Still further aspect of the present invention relates to a method for 
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thermally stabilizing the aforementioned optical assembly. The method comprises 
steps oi; (a) providing the supply current to the heater for simulating the self- 
heating of the laser diode, (b) shutting off the supply current after the 
temperature of the laser diode falls within the predetermined range, and (c) 
5 providing the driving signal to the laser diode. 

[0015] Since the heater is heated by the supply current before the laser diode is 
practically driven, the self-heating may be simulated by the heater and the 
thermal condition of the region on the thermoelectric cooler is unchanged before 
and after the laser diode is driven. This accelerates to stabilize the output 
10 wavelength of the laser diode. 

BRIEF DESCRIPTION OF DRAWTMOS 

[0016] FIG. 1 is a block diagram showing the semiconductor laser module 
according to the first embodiment of the present invention; 
15 [0017] FIG. 2 ls a flow chart showing the method for controlling the 
semiconductor Laser module of the present invention; and 

[0018] FIG. 3 is a modified optical assembly involved in the semiconductor laser 
module of the present invention. 

20 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0019] The present invention may be understood from the detailed description 
presented hereinbelow as referring to accompanying drawings. Next, preferred 
embodiments of the present invention will be described. In the specification, the 
same elements will be referred to by the same symbols and the numerals without 

25 overlapping explanation. 
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[0020] (First Embodiment) 

[0021] FIG. 1 is a block diagram of a semiconductor laser module according to the 
present invention. The semiconductor laser module 1 comprises an optical 
assembly 10, a controller 20, a monitor for a thermoelectric cooler (hereinafter 
5 denoted as TEC) 22, and a TEC driver 23. A Peltier element may be used as the 
TEC. 

[0022] The optical assembly 10 provides a laser diode 101, a photodiode 102, a 
heater 103 and a thermistor 104. The photodiode 102 monitors an optical output 
power of the laser diode, while therminster 104 monitors a temperature of a 
10 region where the laser diode is installed. A temperature of the optical assembly 10 
is controlled by the TEC 11. The TEC is driven by the TEC driver 23 and its 
condition, such as a supply current, is monitored by the TEC monitor 23 for 
prevent the TEC from being out of control. 

[0023] Next, a configuration and an operation of the controller 20 will be 
15 described. The controller 20 provides a driver for the laser diode (hereinafter 
denoted as LD-driver) 201, a plural transistors 202 to 204, two differential 
amplifiers 205 and 209, a central-processing-unit (CPU) 206, a memory means 
207, a window comparator 208 and a plural digital-to-analog converters (D/A-C) 
210 to 213. 

20 [0024] An external data involving information relating to a monitored 

temperature of the optical assembly generated by the thermistor is transmitted to 
the differential amplifier 209 and the comparator 208. One of inputs of the 
differential amplifier 209 is provided a first reference data relating to the 
predetermi ned temperature of the optical assembly 10 from the CPU 206 via the 

25 D/A-C 210. The predetermined temperature corresponds to the center value of the 
temperature range permissible for the laser diode to oscillate at the wavelength 
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specified by the WDM system. The CPU 206 generates the first reference data 
based on iiilbri nation stored in the memory means 207. The differentia] amplifier 
209 provides a driving-signal to the TEC driver 23 for driving the TEC 11. 
[0025] The comparator 208 receives the external data provided form the 
5 thermistor, the first reference data and a second reference data relating to the 
temperature of the optical assembly 10 from the CPU 206 via the D/A-C 211. The 
first reference data, as described previously, corresponds to the center value of the 
predetermined temperature range, while the second reference data is a half width 
of the range. The comparator decides whether the external data is within the first 
10 reference data +/- the second reference data, and outputs switching signals for the 
transistors from 202 to 204, when the external data is within the predetermined 
range, which means that the temperature of the optical assembly 10 is within the 
range permissible to emit light with a specific wavelength. 

[0026] The transistor 202 switches a supply current to the heater 103. When the 
15 comparator 208 does not supply the switching signal to the transistor 202, the 
current is supplied to the heater 103. Providing the switching signal from the 
comparator 208, which corresponds to the case that the temperature of the optical 
assembly is within the predetermined range, the supply current to the heater is 
shut down. Namely, the transistor 202 functions as a normally close switch. 
20 [0027] Transistors 203 and 204, when the comparator 208 output the switching 
signal transmit currents generated by respective current source 222 and 223, each 
controlled by the D/A-C 212 and D/A-213, to the differential amplifier 205 and the 
LD-driver 201. Namely, these transistors 202 and 203 work as a normally open 
switch opposite to the operation of the transistor 201. When the external data, 
25 which indicates the sensed temperature of the optical assembly, is within the first 
reference data +/- the second reference data, the LD-driver 201 starts to drive the 



TZ0/600[g] 



•ixowaaaow - ( & ) trjtf^ U D* T & ¥ i) 



*T£S99fr990 XVd SZSJ ZZ/T0 frOOZ 



7 



laser diode 101. 

[002S] Next, an operation of the semiconductor laser module 1 wiD be described. 
FIG. 2 shows a flow chart to explain operational steps of the laser module 1. When 
a power supply of the laser module 1 puts on, the comparator 208 does not output 
5 the switching signal to the transistor 202 because the temperature of the optical 
assembly, which is detected by the thermister 104, is below the lower lirnit. The 
lower limit corresponds to the value of the first reference data - the second 
reference data. Since the transistor 202 is a normally close switch, the current is 
supplied to the heater 103. In the case that the performance of the heater 103, 

10 especially the heat-generating characteristic thereof, is set to those similar to the 
laser diode 101 under consideration, a thermal condition of the optical assembly 
10 may be simulated as the normal operating condition of the semiconductor laser 
module 1 when the laser diode is driven. On the other hand, the TEC driver 23 
may drive the TEC 11 independently on the heater 103, thereby bringing the 

15 temperature of the optical assembly 10 close to or within the predetermined range 
(step S01). 

[0029] The driving signal based on the first reference data provided from the 
CPU 206 and the external data sensed by the thermister 104 is output to the TEC 
driver 23. The TEC driver 23 feedback controls the TEC 11 by the driving signal 

20 so as to stabilize the temperature of the optical assembly 10 close to the 
tempera ture corresponding to the first reference data (step S02). 
[0030] The window comparator 208 compares the external data, which 
corresponds to the temperature of the optical assembly, and the first and the 
second reference data at step S03. When the external data faJls within the range 

25 of the first reference data +/- the second reference data, the window comparator 
208 outputs the switching signal to the transistor 202, which shut down the 
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supply current to the heater 103 (step S04). 

[0031] Simultaneously, the window comparator 208 outputs the switching signal 
to the transistors 203 and 204, which turns on the transistors 203 and 204. 
Accordingly, the currents 222 and 223 controlled by the CPU 206 via the D/A-Cs 
5 212 and 213 may be transmitted to the LD driver, and the differential amplifier 
205. thereby starting to drive the laser diode (step S05). The thermal condition of 
the optical assembly may be maintained, because merely a heat source changes 
from the heater 103 to the laser diode 101 but the calorific value thereof dose not 
varied at step 05. Therefore, the influence of the self-heating of the laser diode 101 
10 may be suppressed, which results on the immutable condition of the TEC 11 and 
the thermally stable condition of the optical assembly 10. 

[0032] (Second Embodiment) 

[0033] Next, the modified optical assembly 10 will be described. FIG. 3A and FIG. 

15 3B show m odifi ed optical assemblies 10a and 10b of the present invention, 

respectively. The optical assembly 10a shown in FIG. 3A provides the laser diode 
101, the photodiode 102, the heater 103, the thermistor and the inductor 105. Out 
of the optical assembly has a switch 30, and the inductor 105 is serially arranged 
to the heater 103. When the optical assembly 10a is operated, during the 

20 transistor 202 shown in FIG. 1 turns on, that is the temperature of the optical 
assembly 10a is out of the preset range, and the switch 30 is closed, which 
bypasses the supply current from the laser diode 101. The supply current to the 
heater 103 flows through the terminal 113. After the temperature of the optical 
assembly 10a fells within the preset range and the transistor 202 turns off, which 

25 shuts down the supply current flowing through the terminal 103, the switch 30 is 
simultaneously opened . In the present embodiment, the driving signal of the laser 
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diode is transmitted through the terminal 112. The terminal 111 supplies the bias 
voltage to the laser diode 101. Since the inductor 105 is arranged serially to the 
heater 103, the driving signal, which is provided from the terminal 112 and 
involves high frequency components therein, is not conducted to the terminal 113. 

5 

[0034] (Third Embodiment) 

[0035] FIG. 3B shows still another modified arrangement of an optical assembly 
10b according to the present invention. The optical assembly 10b provides the 
laser diode, the photo diode 102, the heater 103 and the thermister 104. An 

10 amplifier 31 having a differential output is arranged out of the optical assembly 
10b and the amplifier 31 drives the optical assembly 10b. An anti-phase output of 
the amplifier 31 is conducted to the terminal 113, which is connected to the one 
terminal of the heater 103. During the temperature of the optical assembly 10b is 
out of the preset range, the amplifier 31 receives a signal with a high level and the 

15 anti-phase output thereof is set to be a low level. Therefore, the supply current 

flows from the terminal 111 to the terminal 113 through the heater 103. When the 
temperature of the optical assembly 10b falls within the preset range, the input 
signal to the amplifier 31 changes to the practical driving signal of the laser diode, 
which involves high-frequency components. The signal input to the amplifier 31 

20 drives not only the laser diode 101 but also the heater 103. However, the total 
amount of the heat generation by the laser diode and the heater is unvaried 
because the power consumption by the driving signal, which is an alternating 
signal, is nearly half when the heater is driven by a direct current. 
[0036] According to the present invention thus described with embodiments, the 

25 driving signal to the laser diode 101 is supplied after the temperature of the 

optical assembly 10 exceeds the predetermined value and the supply current to 
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the heater 103 is shut down. Since the self-heating of the laser diode 101 is 
simulated by heating of the heater 103 prior to the practical operation of the laser 
diode 101. the shift of the output wavelength of the laser diode is suppressed 
within a prescribed range. It will be obvious that the invention and its application 
5 may be varied in many ways. For example, the CPU 206 digitally determines the 
bias current and the modulation current of the laser diode through the D/A-C 212 
and the D/A-C 213, respectively. However, these currents maybe set in analogue. 
Such variations are not to be regarded as a departure from the spirit and scope of 
the invention, and all such modifications as would be obvious to one skilled in the 
10 art are intended for inclusion within the scope of the following claims. 
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